in relation to the water and sediment quality of marine farm at Karwar for two consecutive crops (2012-13 and 2013-14) were analysed. No significant variation was observed in the specific growth rate (SGR) of both the species between the crops. But within a crop, variations were observed in the SGR and absolute growth rate (AGR) of both the species (p<0.05). Specific growth rate of cobia was 0.75 and 0.78 % day -1 in 210 days of culture for the years 2012-13 and 2013-14 respectively. Physico-chemical parameters of water at cage and reference sites did not vary significantly, except for ammonia-nitrogen and nitrate-nitrogen levels at cage site between and within the crops. No significant variation was observed in total bacterial and Vibrio loads of water in cage site between the crops but significant variation was observed within the crop. The results revealed that temperature (r = +0.61 for 2012-13 and +0.63 for 2013-14) and salinity (r = +0.6 for 2012-13 and +0.5 for 2013-14) played a major role on SGR of cobia during both the crops with higher AGR recorded during summer months. In case of Asian seabass, no significant impact of temperature and salinity on SGR was noticed during the experimental period.
Cage farming of marine finfish is expanding rapidly all over the world due to high demand of fish in international market and also as an alternate livelihood for the fishermen community. In recent years, marine finfish like cobia, pompano, snappers and breams are increasingly being used for large scale cage culture, due to their rapid growth and versatility to marine cage farming and also due to their disease resistance. Several reports are available on cage culture and the growth performance of these species (Kelly and Arnold, 1999, Watanabe et al., 2001; Liao et al., 2004; Sun et al., 2006 a, b, c; Zhou et al., 2006; Benetti et al., 2002 Benetti et al., , 2008 Benetti et al., , 2010 Philipose et al., 2013a, b) . Water quality is considered as an important factor for the growth and production of cage cultured fish, as it influences the health of the environment as well as the fish (Wu, 1995; Bjornsson et al., 2007; Sun and Chen, 2014) . Significant effect of water temperature and salinity on the growth of cage cultured fish has been reported by several workers (Faulk and Holt, 2006; Zhou et al. 2006; Yu and Ueng 2007; Sun et al., 2006 Sun et al., a, b, c, 2009 Chen et al., 2009) . However, in India, very little information is available on environmental health status of the cage site and its impact on fish growth (Prema et al., 2010; Philipose et al., 2012) .
The present study assessed the growth of Asian seabass Lates calcarifer (Bloch, 1790) respectively. Initial average weights of cobia and seabass fingerlings were 30 and 20 g respectively. All the fish were fed with fresh chopped oilsardine (Sardinella longiceps) @ 6% of total biomass twice a day. Growth in terms of weight (g) of cobia and Asian seabass was monitored at monthly intervals by random sampling of 20 nos. of fish and the growth rate was analysed by calculating specific growth rate (SGR) and absolute growth rate (AGR) using the formulae:
For assessment of water quality, samples were collected from the cage and reference sites. Water quality parameters such as temperature, salinity, pH and dissolved oxygen (DO), were analysed using portable thermometer, refractometer, DO meter (YSI) and pH meter (Merck) respectively. Ammonia-nitrogen, nitrite-nitrogen, nitrate-nitrogen and bacterial loads were analysed at weekly intervals following standard procedures (APHA, 2004) . Sediment samples from cage and reference sites were collected with Van Veen grab and was analysed for total bacterial and total Vibrio counts following standard methods (APHA, 2004) . Both water and sediment samples were collected at the same time, at monthly intervals during the culture period. To understand the impact of water quality on the growth rate of fish, data were subjected to analysis of variance (one way and two way ANOVA) and correlation analysis.
The average weight of cobia recorded at the time of harvest after 210 days of experimental farming conducted during 2012-13 and 2013-14, were 1.24 and 1.19 kg respectively, while for seabass, it was 0.48 and 0.53 kg respectively. Specific growth rate recorded for cobia was 0.75 and 0.78% day -1 in 210 days of culture, for the years 2012-13 and 2013-14 respectively. Absolute growth rate of cobia was found to be more during summer months. Monthly variations in the SGR of cobia and Asian seabass are shown in Fig. 1 and 2 respectively. Between the crops there was no significant variation in SGR of both the species but, between the months within a crop, variations in SGR and AGR were observed (p<0.05) for both cobia and Asian seabass.
The physico-chemical parameters of water at cage site recorded during the culture period in the two consecutive years are presented in Fig. 3(a-g) . The water quality parameters of cage and reference sites were within the optimum levels and no significant variation in the levels were observed. At the cage site, water temperature varied between 26.4-32 0 C during 2012-13 and between 28.1-31.1 0 C during 2013-14. Salinity values varied between 25-33 and 27-33 ppt for the periods 2012-13 and 2013-14 respectively. The dissolved oxygen of water at cage site during 2012-13 ranged between 3.1-4.5 mg l -1
and the values varied between 3.4 -6.6 mg l -1 during 2013-14. The ammonia-nitrogen levels in water at cage site were between 0.01-0.05 mg l -1 during both the years. A significant variation was observed in the ammonia-nitrogen and nitrate-nitrogen values between and within the crops (p<0.05) whereas, the other physico-chemical parameters of water did not show any variation between or within the crops.
Total bacterial counts of water at cage site ranged between 1.8 x 10 4 to 3.2 x 10 6 cfu ml -1 during 2012-13 and between 0.3 x 10 4 to 1.1 x 10 6 cfu ml -1 during 2013-14. Total Vibrio loads of water at cage site recorded were in the range 0.2 x 10 1 -1.3 x 10 3 cfu ml -1 in the year 2012-13 and 0.8 x 10 2 -0.7 x 10 3 cfu ml -1 during the year 2013-14. During March 2014, the total Vibrio load of water was found to be high, in both cage and reference sites. Veronica and Julian (2013) reported mortality of cage cultured fish during the periods of high water temperature and they also recorded high density of Vibrio bacteria in column waters and they mentioned that the water temperature enhances the susceptibility of cultured marine fish species to Vibrio infections. In the present study also, a positive correlation was observed between temperature and total Vibrio loads of water during both culture periods in 2012-13 (r = 0.64) and 2013-14 (r = 0.52), but no Vibrio infections were recorded in cobia or Asian seabass during the experimental farming.
No significant variation was recorded in the temperature and pH values of sediment between the cage and reference sites. Total bacterial counts of sediment at cage site ranged between 0.5x10 3 to 1.4x10 6 cfu g -1 during 2012-13 and between 0.42x10 4 to 1.9x10 8 cfu g -1 during 2013-14. Total Vibrio loads of sediment at cage site ranged between 0.4x10 2 to 0.8x10 4 cfu g -1 and 1.2x10 2 to 2.32x10 4 cfu g -1 for the years 2012-13 and 2013-14 respectively. Significant variation (p<0.05) was observed in the total bacterial count and total Vibrio counts of sediment between the cage and reference sites. Physico-chemical parameters of water and sediment Results of the study revealed that temperature (r = +0.61 for 2012-13 and +0.63 for 2013-14) and salinity (r = +0.6 for 2012-13 and +0.5 for 2013-14) played a major role on the growth rate of cobia during both the crops, but no influence of temperature was recorded on the SGR of Asian seabass during the present study ( Fig. 4a, b; Fig. 5a, b) . It was also observed that ammonia levels had a negative impact on the growth rate of cobia during both the years (r = -0.62 for 2012-13 and -0.51 for 2013-14) (Fig. 6 a, b) .
The study revealed no significant variation in the water and sediment quality between cage and reference sites, indicating healthy environmental conditions in the cage site. The analyses on the impact of water quality parameters on fish growth revealed that the growth rate of Asian seabass was not affected by temperature, salinity, dissolved oxygen and ammonia-nitrogen levels, during both the culture periods. However, it was observed that temperature played a major role on the growth rate of cobia (r = +0.61 for 2012 -13 and +0.63 for 2013-14) during both crops. A strong, positive linear relationship between water temperature and growth rate was reported by Yu and Ueng (2007) as well as by Lanier and Scharf (2007) and they observed that the combined effect of water temperature, salinity and dissolved oxygen contributed towards 60% of the variance in observed growth. The present study also recorded higher growth rates during the months of March and April, when the water temperature and salinity were at higher levels contradicting the Environmental impact assessment and monitoring is an important aspect of cage farming in marine waters, as it ensures the environmental sustainability of marine cage farming. The impact on environmental quality can be reduced significantly by careful site selection, proper management of stocking density, feed formulation and integrated approach of culture systems (Wu, 1995) . The present study apparently showed decreased levels of dissolved oxygen and increased ammonia levels in the column and bottom waters at cage site compared to reference site, but were found statistically insignificant. Similar results were recorded on dissolved oxygen depletion in water column in the marine fish farms (Bergheim et al., 1982; Penczak et al., 1982; Beveridge, 1985; Enell, 1987) . The present study also revealed a positive correlation in the growth rate of cobia with higher saline conditions during summer months, but no such correlation was observed in the case of Asian seabass. In contrary, higher growth and feed conversion efficiency in Atlantic halibut were recorded by Imsland et al. (2008) at 16 ppt salinity. Wu (1995) emphasised the importance of environmental impact assessment (EIA) for sustainable development of mariculture industry. In conclusion, the present investigation revealed that the growth rate of cage cultured fish was influenced by fluctuations in water temperature and salinity but largely specific to the species cultured. The study suggested that cage culture of cobia during summer months and harvest of crop in the early monsoon can yield higher growth rate and production.
